Short communication
immunized goats , we undertook the experiments reported here to determine whether non-neutralizing antibodies to the virus could enhance the infection in macrophages. The report follows previous publications from our laboratory showing that neutralizing antibodies to CAEV are very slow to cause inactivation in infectivity, requiring more than 60 min at 37 °C to cause 99~ reduction in infectivity (Huso et al., 1988) and that the surface of the virus is coated with sialic acids which reduce the rate of the neutralization process (Huso et al., 1988) . Removal of sialic acids from the virus particles with neuraminidase prior to reacting them with antibodies resulted in acceleration of the neutralization process. The interpretation of this has been that sialic acids on the surface of the particles reduced the avidity of binding between antibodies and neutralization epitopes on the particles. Another recent finding is that the efficiency of neutralization is dependent on the Fc portion of the neutralizing Ig molecules because F(ab')2 mainly caused delay in virus replication rather than neutralization (Jolly et al., 1989) .
Three non-neutralizing immune sera from immunized or naturally infected goats (antisera with binding antibodies), one neutralizing serum and one non-immune serum (containing neither neutralizing nor binding antibodies) were used in this study. In ELISAs, the non-neutralizing sera had titres of 1:1000, 1:600 and 1:2500 and the neutralizing serum a titre of 1:10000. The non-immune serum had a titre of less than 1:400. The virus was labelled with [35S]methionine and purified as described previously (Pyper et al., 1984; . In the first experiment, we investigated whether the nonneutralizing Ig had any effect on the rate of binding of virus to cultured macrophages. 3ss-labelled virus was mixed 1 : I with a 1 : 60 dilution of each serum and incubated at 37 °C for 60 min before inoculation into the cultures. Inoculated cultures were then incubated overnight at 4 °C in chambers containing 5~o CO2. They were then rinsed, cells were lysed with 1 ~ SDS and assayed for cell-associated radioactivity by scintillation spectroscopy. The neutralizing and all three non-neutralizing sera caused an increase in the binding of the labelled virus, by 62, 63, 80 and 109~ over binding with the non-immune serum (Fig. 1) .
We next determined the effects of the four sera on the kinetics of uncoating of the virus. This was measured as the rate and amount of acid-soluble radioactivity that appeared in the supernatant fluids of the inoculated cultures. Labelled proteins in the virus were precipitable with trichloroacetic acid but after the virus had been uncoated in the cell, polypeptides were degraded into their constituent amino acids which were no longer precipitable. These c.p.m. were therefore considered acid-soluble. The experiment was similar to that described above except that after the overnight incubation at 4 °C, the cultures were rinsed three times with cold medium and then shifted to 37 °C. Samples were collected at this time (zero time) and 1 and 2 h later. Supernatant fluids were assayed for total and precipitable radioactivity and the difference between the two was considered to represent acid-soluble material. Fig. 2 shows that the virus was uncoated faster and to a greater extent when preincubated with the four immune sera. The three non-neutralizing sera increased uncoating by 137, 199 and 84~ respectively, and the neutralizing serum by 108 ~ over uncoating of the virus preincubated with the non-immune serum. Thus, antibodies in the non-neutralizing sera were indistinguishable from the neutralizing antibodies in modulating the early stages of the virus life cycle in the macrophage.
Functional differences between the non-neutralizing sera and the neutralizing serum became apparent when cultures, similar to those which had been shifted up to 37 °C (described above), were maintained at 37 °C for 3 days. Virus treated with neutralizing antibodies failed to replicate whereas the cultures inoculated with the virus treated with the three non-neutralizing antibodies all produced infectious progeny virus. Three experiments were then performed to determine whether these three sera enhanced the production of virus beyond that obtained with virus incubated with non-immune serum. In the first experiment 100 TCIDs0 of CAEV was mixed 1 : 1 with one of the non-neutralizing sera at dilutions of 1 : 100, 1:1000 and 1 : 10000 and incubated at 37 °C for 60 min. A mixture of virus plus non-immune serum was used as a control. All virus-serum mixtures were inoculated into cultures of macrophages and incubated at 37 °C for 6 h. The inocula were then removed, the cultures were rinsed and replenished with medium containing the same dilutions of sera that had been used in incubation with the virus. The (100 TCID50) and non-neutralizing (0) or nonimmune (~) serum at dilutions of (a) 1 : 100, (b) 1 : 1000 or (c) 1 : t0000 for 6 h at 37 °C. Virus-serum mixtures were removed, the cultures were rinsed and medium containing the same dilutions of sera was added. Supernatant fluids were removed from cultures at time 0 and on days 4, 8 and 11 and serial dilutions of 1:3-2 (0.5 loglo) of each fluid were assayed for infectivity in goat synovial membrane cell cultures.
antisera were again added to the cultures so that if enhancement occurred with virus inoculum, such enhancement would have been amplified during subsequent days with progeny virus. Supernatant fluids were removed from the cultures immediately and after 4, 8 and 11 days and assayed for infectivity. Fig. 3 shows that the amount of infectivity produced in the cultures inoculated with the virus-antibody mixtures was no higher than that produced by cultures inoculated with the virus plus non-immune serum. The loss in infectivity of virus incubated with a 1 : 10000 dilution of each serum was probably due to viral inactivation owing to a lack of protein-stabilizing factors in the medium or to cultures being kept for a prolonged period with a low level of serum.
In the second experiment a dilution of 1 : 20 of each of the four sera was mixed 1 : 1 with 1 × l07 TCIDso of CAEV cloned by a limiting dilution assay and incubated at 37 °C. At 0, 30, 60 and 90 min, samples were removed and assayed for residual infectivity. Fig. 4 shows that the No variability in infectivity titres of virus incubated with non-immune serum was apparent within the limits of the 10-fold dilution assay system. These results were consistent with the extremely slow kinetics of neutralization of CAEV described previously (Huso et al., 1988) . Non-neutralizing sera failed to cause reduction in the titre of virus at any of the time points examined. Thus, these antibodies did not agglutinate the virus particles to any noticeable extent.
In the third experiment, 10-fold dilutions of the virus were prepared in medium containing 5~ (1:20) of the non-neutralizing sera or the non-immune serum and these mixtures were incubated at 37 °C for 60 min before inoculation into macrophage cultures. The object of this was to determine whether the antibodies would potentiate the infection of cells with virus at higher dilutions than could be obtained with non-immune serum. The results showed that the titre endpoints did not differ by more than 0.5 log10 dilution (data not shown). Thus the nonneutralizing antibodies did not enhance infection by conferring infectivity on hypothetically non-infectious virus. Therefore, unlike the type of enhancement of infection by dengue virus (Halstead & O'Rourke, 1977 a, b) , other togaviruses (Peiris & Porterfield, 1979; Schlesinger & Brandriss, 198 I) and apparent enhancement of HIV infection in a cell line (Takeda et al., 1988) by non-neutralizing antibodies, the non-neutralizing antibodies to lentiviruses of sheep and goats may enhance the early stages of the virus life cycle but do not potentiate enhanced production of virus particles.
The data suggested that CAEV was neutralized within the cell and that this phenomenon occurred at a stage after uncoating of the particles. These data were similar to those reported on neutralization of visna virus . It was surprising, however, that the non-neutralizing sera had effects so similar to the neutralizing serum in the enhancement of binding and uncoating of the particles despite their inability to neutralize infectivity. However, the antibodies obviously bound to the particles because they helped mediate entry of the virions into the macrophages by Fc receptor-mediated endocytosis. The binding of these antibodies to the virus particles was not enough to agglutinate the particles. That these antibodies failed to neutralize infectivity suggested that a portion of the virusantibody complex had become dissociated either at the cell surface before the complexes could be internalized, or within phagosomes after they had been internalized. Had the former occurred, infection would have been accomplished by binding of the agent to a non-Fc receptor structure, as seen during the normal infectious process. On the other hand had the complexes become dissociated within the phagosome, the virus would have been free to fuse with the membrane of the vesicle. Either phenomenon would have allowed escape of the viral nucleic acid into the cytosol. Within this context, virions introduced into the cell via Fc receptormediated endocytosis (the portion that was uncoated rapidly) may have been inactivated whereas the few virions that became disassociated (or failed to bind antibodies) were able to establish productive infection.
In our previous studies, treatment of virus with neuraminidase had improved the kinetics of inactivation with neutralizing antibodies by removal of interfering sialic acids from the particles. We asked therefore whether the antibodies in non-neutralizing sera would now neutralize infectivity if the virus had been stripped of sialic acids. Fig. 5 shows the results with one of these sera. Whereas the antibodies failed to neutralize infectivity of native particles, they were fully capable of neutralizing the infectivity after the particles had been desialylated with neuraminidase. Again no variability in infectivity titres of virus treated with either neuraminidase or non-neutralizing serum was apparent within the limits of the 10-fold dilution assay system.
